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Comments on Some Reptiles from the Vicinity of 1s : 


Mammoth Cave National Park, Kentucky 


By W. L. CHENOWETH 


While the Civilian Conservation Corps was building roads, clearing 
dead timber, etc., in the area which is now Mammoth Cave National Park, 
during the period of June 1, 1934 to August 31, 1935, a rather extensive 
collection of amphibians and reptiles was made in South-Central Kentucky 
in Edmonson, Barren, and Hart counties. C. W. Hibbard, Wildlife Tech- 
nician, recorded the findings in “Transactions of the Kansas Academy of 
Science” 39:277-281. He listed 16 species of salamanders, 3 toads, 16 
frogs, 20 snakes, and 7 each of lizards and turtles. 

While spending the summer of 1948 at the Kentucky Reptile Garden 
located at Park City, Kentucky, I had numerous opportunities to collect 
in the surrounding territory. Because the garden purchased reptiles for 
display purposes, many specimens were acquired from local collectors. 
During the summer many unusual specimens were secured and two species 
unrecorded by Hibbard were taken. Unless so stated, ali specimens are 
in my collection. 

Chrysemys picta marginata (Agassiz): A central painted turtle was 
captured on June 15 by two local boys at a pond about 14 mile north of 
Park City in Barren County. It was a female with carapace measuring 
43/4, inches (118 mm.) in length. Although this species was not recorded 
by Hibbard, its occurrence within the state is well known as stated by 
Stejneger and Barbour (1943, A check list of North American amphibians 
and reptiles: 203), and (1946, Turtles of U.S. and Canada: 186). This 
turtle was not preserved as it escaped only a few days after it was captured. 

Leiolopisma laterale (Say): A brown-backed skink was taken on May 
5, 1948 in Preston Woods in Barren County, one mile east of Park City 
from under a flat rock along with two small toads (Bufo americanus). 
This lizard is apparently rare as Hibbard recorded only one in 15 months 
of work. 


Elaphe guttata (Linnacus): I have previously recorded a second speci- 
men of the corn snake in the area. 

Lam pro peltis calligaster (Harlan) : Although Hibbard listed the yellow- 
bellied king snake as rare with five specimens observed, I found it fairly 
common thirteen years later. Specimens were found in the following 
localities: May 19, one taken 114 miles northwest of Park City in Barren 
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County ; June 7, one from a house in Park City, Barren County ; September 
2, three specimens located in a barn near Brownsville, Edmonson County. 
\: This evidence would extend the range at least 80 miles farther south from 
KC “ne Hardin County as given by Stejneger and Barbour (1943, A check list 
Hs gansee orth American amphibians and reptiles: 145). 
—— Masticophis f. flagellum (Shaw): On April 27, 1948 a large adult 
eastern coachwhip snake was captured by a farmer in a broomsage field a 
about 2 miles northwest of Park City in Barren County. It was a female t 
of typical form measuring 1350 mm. (4 ft. 6 in.) long. This is an 
addition to the Hibbard list. t 
Pituophis m. melaholewcus (Daudin): Recently Savage discussed the f 


occurrence of the eastern pine snake in Kentucky (1948, Copeia No. 4: 
302). So far it has been recorded in the following counties: Edmonson, I 
Harlan, Trigg, and Whitely. I have the skin of one that was killed in é 
Barren County on Highway U.S. 31-W, and I also viewed the mangled ) 
remains of a large adult that was killed by farmers near Cub Run in t 
Hart County. Unfortunately it was too mutilated to be preserved. Since 
the range of this species is generally written as from southern New York ‘ 
to Georgia, westward to Murphy, Tennessee, these records would indicate , 
an extension into Kentucky even farther west than in Tennessee. | 





ELAPHE GUTTATA IN SOUTH-CENTRAL KENTUCKY — On 
April 22, 1948, an adult Corn Snake, Elaphe guttata (Linnaeus), was 
collected on Preston’s Ridge, Edmonson County, Kentucky, two miles west 
of Park City. It was taken in mid-morning while sunning itself on a 
limestone outcrop. It was a male of typical form, measuring 1175 mm. 
in length with 26 scale rows, 223 ventral and 68 caudals. C. W. Hibbard 
(The amphibians and reptiles of Mammoth Cave National Park proposed,. 
Trans. Kan. Acad. Sci., 29:277-281) has recorded another Corn Snake 
as having been collected on September 10, 1934, in Taylor Coates Hollow, 
Edmonson County, Kentucky, in what is now Mammoth Cave National 
Park, eight miles northwest of Park City. This was an immature specimen 
and does not resemble the typical form but its identification was confirmed 
by Dr. Doris Cochran of the United States National Museum, according 
to Mr. Henry Lix, the Park Naturalist. 

W. D. Funkhouser (1945, Kentucky snakes, Univ. of Ky. pub., 1-31) 
makes no mention of the Corn Snake. Stejneger and Barbour (1943, A 
check list of North American amphibians and reptiles: 137) gives the 
range as extending from New Jersey to Florida, westward to Louisiana. 
This would suggest confinement of the species to the coastal plains, con- 
trary to present evidence. 

The specimen is now in my private collection and its identity has been 
verified by Dr. Charles E. Burt of Topeka, Kansas.—W. L. CHENOWETH, 
1241 Woodrow, Wichita 3, Kansas. 
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By CHARLES E. SHAW 


1. Xantusia riversiana reticulata Smith 


On August 16, 1948, Richard C. Schwenkmeyer, while a member of 
an expedition aboard the Research Ship Orca of the J. W. Sefton Founda- 
tion, collected a number of specimens of the recently described San 

| Clemente Island Night Lizard. In the series taken, a few were returned 
- to San Diego alive, and an apparently gravid adult female was retained 
| for observation at the San Diego Zoo. 

This female, measuring 170 mm. in total length and 70 mm. in tail 

| length, gave birth to 5 young between the hours of 4 p.m. September 9 
and 8 a.m. September 10, 1948. Unfortunately the births of the young 
| were not witnessed so that details of parturition are not available. Of 
the 5 young found with the mother on the morning of September 10, 
4 were alive and in good condition, while the fifth was dead and had been 
all but completely destroyed by mealworms (Tenebrio). It is not known 
whether the dead individual was stillborn or had been attacked and killed 
| by the mealworms. 
The total-length and tail-length measurements (in millimeters) of the 
| four living young were as follows: 75-39; 75-38; 73-37; 72-36. 

The number of young in this brood is surprisingly large, compared 
with published accounts of brood complements in the other species of 
Xantusia for which such data are available. Klauber (1926, Copeia, p. 
117) notes that a Xantusia henshawi collected on September 3 “contained 
two well developed embryos.” Regarding the number of young in 
Xantusia arizonae, Kiauber (1931, Trans. S$. D. Soc. Nat. Hist., vol. 7, 
no. 1, pp. 6-7) states: “From the specimens taken it is evident that this 
species is ovoviviparous, giving birth to one or two young alive about 
September 1st.” Concerning Xantusia vigilis, Cowles (Copeia, 1944, p. 
100) remarks that “Twins have been observed in seven of the eleven 
births that have taken place in this laboratory. The remaining individuals 
gave birth to only a single offspring.” 

Although the available data are somewhat meager in the case of two 
of the 3 species, the previously recorded information concerning brood 
complements in this genus indicates a probable maximum of 2 young per 
brood in the mainland species. Nothing is known concerning the repro- 
ductive habits of Xantusia gilberti of the Cape region of Baja California 
although the brood complement of this form is probably identical with 
that of X. vigilis, since gilberti is evidently only slightly, if at all, distin- 
guishable from vigilis. 

The newly born young of X. riversiana reticulata differ markedly from 
their mother, the young having a generally lighter coloration and a more 
distinct as well as different pattern. The mother of the brood was very 
dark above, the ground color of the dorsum of the body and tail appearing 
as irregular grayish spots or reticulations. 

In the young, the plates on the top of the head are dark-brown, spotted 
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with black, and the sides of the head and neck are light-gray, spotted or 
streaked with black. The supralabials and infralabials vary from light- 
gray to dark-gray with a more or less intense dark spotting. The chins 
are light-gray to dark-gray. Each chinshield bears a more or less blackish 
central spot. 

The dorsal ground color of the bodies of the four specimens is dark- 
gray, faintly spotted with tannish and bearing irregular short lines of 
black along the middorsal region. There is a more or less prominent 
dorso-lateral row of spots on either side of the body. These spots are 
light-gray in color, narrowly bordered by black, and extend from the back 
of the head onto the tail for about two-thirds or a little more of its length. 
The ground color of the dorsal surface of the body becomes increasingly 
lighter laterally and near the edge of the belly is light-gray, spotted or 
irregularly streaked with black. 

The ground color of the dorsal and lateral areas of the tail ranges from 
tannish to dark-gray in the several specimens, and is unevenly punctated 
with dark-brown or black. The upper surfaces of the limbs and toes are 
dark-gray, spotted and streaked with black. 

The ground color of the ventral surfaces of the young varies individ- 
ually from light-gray to dark-gray. The color is somewhat lighter on the 
chin and throat of each specimen, and the gular region is faintly spotted 
with dark-gray to black. The bellies and undersides of the tails are 
faintly punctated with scattered spots of dark-brown or black. 

The undersides of the forelimbs are nearly immaculate, but bear faint, 
scattered spots of gray. The lower surfaces of the hindlimbs are also 
immaculate, except for well defined black spots at the outer edges of the 
femoral and tibial regions. The undersides of the toes are uniformly 
dark-gray to light-gray, more or less conspicuously spotted with darker 
color. The tongue is dark bluish-black. The iris of the eye is light 
reddish-brown. 

2. Xantusia henshawi Stejneger 

The remarks of Klauber (loc. cit.) apparently represent the only previ- 
ously recorded information on the reproductive habits of this species. 

Among a dozen examples of benshawi collected on September 18, 
1948, from beneath granite exfoliations 1 mi. west of Suncrest, San Diego 
Co., California, was an obviously gravid, adult female. This specimen, 
141 mm. in total length and 78 mm. in tail length, was separated from 
the others and kept for observation in a quart jar. The lizard was cur- 
sorily examined at irregular intervals many times daily, the last exami- 
nation prior to birth of young occurring about 8:30 p.m. on the night of 
September 23, 1948. At that time the appearance of the female gave 
no hint as to the approaching birth of the young. The following is an 
account of observations subsequent to the 8:30 p.m. examination of the 
female: 

8:50 p.m. A newly born young was found running about on the 
bottom of the jar. The female had apparently just eaten the afterbirth 
and was busily licking her jaws. 
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9:04 The female tilted the posterior portion of the left side of her 
body slightly upward, with the pelvic region somewhat raised off the 
bottom of the jar and the basal half of the tail slightly arched. She then 
turned her head to her cloaca and touched her snout to it a couple of 
times, returning to a normal position almost immediately and lying still. 

9:06 Repeated the same action described above, but with the posterior 
part of the body uptilted to the right and with the head turned to the 
right. 

9:07 Repeated the same actions as described under 9:06, but this 
time she made a feeble attempt to bite the base of her tail. She then 
returned to a normal position and commenced to lick the bottom of the 
jar, evidently for droplets of after-birth liquid. 

9:09 She again turned and nudged her cloaca. 

9:10 She made nervous, searching movements over the bottom of the 
ar. 

9:12 Commenced a vigorous licking of her jaws and eye spectacles. 

9:18 She turned to lick and nudge her cloaca. Her head flexed to the 
left and the posterior part of her body tilted up to the left, with the pelvic 
region slightly raised off the bottom of the jar. The basal half of the 
tail was slightly arched. 

9:48 She appeared very nervous, jumping up on the sides of the jar 
and crawling rapidly over the bottom. After a couple of minutes of this 
activity she became quiet again. 

10:13 Basal half of tail strongly arched and pelvic region slightly 
raised off bottom of jar. After a moment in this position, the pelvic region 
was elevated to a height of about one-fourth inch off the bottom of the 
jar followed by an expulsive straining movement in the posterior part of 
the lizard’s body. 

10:14 Another straining movement. 

10:15 Another straining movement and the appearance of about one- 
eighth inch of the folded tail of the young encased in the foetal mem- 
brane. The pelvic region of the female was still about one-quarter of an 
inch off the bottom of the jar at this time. 

10:16 The female turned her head to the right to lick at her cloaca 
and the protruding folded tail of the young. 

10:17 Another straining movement, exposing about one-fourth inch 
of the folded tail of the young which was still enclosed in the foetal 
membrane. 

10:18 The female again turned her head to the right, with the pos- 
terior part of her body tilted up to the right, and nipped the young twice 
on the tail. Violent wriggling motions by the young resulted, causing it 
to back a little farther out of the cloaca, the foetal membrane being broken 
either by the actions of the young or by the teeth of the female. After the 
young had backed partly out of the cloaca, the tail became straightened 
and entirely free of the cloaca. With her mouth, the female then grasped 
the young’s tail near its tip and gave a sudden pull on it, drawing the 
young out to about the level of its shoulders. No further effort was made 
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by the young to completely free itself and the female again seized the tail 
near its tip and pulled once more, this time freeing the entire lizard as 
well as the foetal membrane. The young was delivered ventral surface 
uppermost, lying on its back on the bottom of the jar for a moment before 
turning over and running off at 10:19. 


10:20 The mother, quiet since the birth of the second young, turned 
and ate the small amount of after-birth lying on the bottom of the jar, 
and also searched about for droplets of liquid which she licked up with 
her tongue. 


10:22 The female bit the most recently born young on the tail twice, 
apparently mistaking the still moist tail for after-birth. 

10:25 She crawled over the bottom of the jar, but paused frequently 
to turn and lick her cloaca and also occasionally to nip the base of her 
tail. 

10:28 She licked her cloaca again, and also nipped the base of her 
tail and the femoral portion of the right hind limb. 

The total-length and tail-length measurements (in millimeters) of the 
two young were as follows: 65-35; 64-35. 


In the young, the plates on the top of the head, anterior to the eyes, 
are light-brown, becoming very dark-brown to blackish on the remainder 
of the top of the head. The fronto-parietal, parietals and occipitals are 
edged with light orange-brown. 


Dorsally, the ground color of the body is light-brown, overlain with 
irregular black blotches and on the anterior one-half of the body, by ver- 
miculations of light orange-brown lines. Posteriorly these vermiculations 
become very pale-yellow. 

The tail, above, is light-gray, barred or spotted with black, and bears 
small scattered punctations of pale-yellow in the light interspaces on its 
anterior half. 

The upper surfaces of the limbs are light-gray, spotted with dark-gray 
to blackish and with occasional punctations of pale-yellow. 

The entire undersurface of the head, body and limbs is an immaculate 
light-gray. Ventrally, the tail is also light-gray, but shows faint indica- 
tions of darker gray bars and spots. 

This single observation of the behavior of the female X. benshawi prior 
to and during parturition differs in several respects from Cowles (loc. 
cit.) more numerous observations of birth in X. vigilis. In henshawi no 
elevation of the femora to a nearly vertical position prior to the birth of 
the young was noted. 

The seizure of the young’s tail by the female and its use as a means of 
facilitating delivery is remarkable, considering the brittle tail of the 
species. 

In henshawi the foetal membrane fell free of the cloaca at the time of 
complete separation of the young from the parental cloaca. In vigilis 
Cowls (loc. cit.) has observed that the female removes the membrane 
from her cloaca with her mouth. 
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Anniella geronimensis Ye ow 
on the Baja California Peninsula No 
By Cares E, SHAW NAS? 


Among some amphibians and reptiles collected in the spring of 1946 
by Mr. M. Woodbridge Williams and Mr. Carl Kenyon along the north- 
western coast of Baja California, Mexico, and certain of the adjacent is- 
lands, is an adult female Anniella geronimensis, Shaw. This specimen, 
now No. 38832 in the collection of Dr. L. M. Klauber, is apparently the 
fifth to find its way into herpetological collections. It was taken April 7, 
1946 beneath a desert shrub behind the beach just south of Punta Baja 
which marks the northwestern boundaty of Rosario Bay. This is the first 
individual of the species to be obtained from other than the type locality, 
San Gerénimo Island, which lies in Rosario Bay about 5 miles off the 
nearest coast of the peninsula, and about 9 miles south of Punta Baja. 

In comparison with 4 examples* of geronimensis from San Gerénimo 
Island, the peninsular specimen displays no appreciable differences, pos- 
sessing the sharply pointed, overhanging snout which all but completely 
conceals the countersunk lower jaw, the enlarged fourth supralabial, and 
the many-lined pattern, characteristics which serve to distinguish geroni- 
mensis from its nearest mainland relative, Amniella p. pulchra. The indi- 
vidual from Punta Baja also has a comparatively short, thick-set tail 
typical of geronimensis, the tail/total length ratio being .313 which 
agrees with a range of .297 to .315 (av. .302) in 3 insular specimens 
with complete tails. 

A retention of specific status for geronimensis appears warranted as the 


' two southernmost peninsular specimens of p. pulchra from San Quintin 


and the single geronimensis from the peninsula fail to demonstrate any 
intergradative tendency of the one population toward the other in spite 
of their separation by a distance of only about 30 miles. Unfortunately 
the tails of the two San Quintin specimens are incomplete, so that, with 
regard to the tail/total length ratio, their affinities cannot be determined. 
Of a total of 10 examples of Anniella, from San José (about lat. 31°) 
in the north to San Quintin in the south, only one has a complete tail. 
This specimen is from Hamilton Ranch, some 55 miles north of Punta 
Baja, and has a tail/total length ratio of .394 which, as would be ex- 
pected, is well within the range of Anniella p. pulchra. 

Of course there exists the possibility that further collecting in the 
coastal region between San Quintin and Rosario Bay may reveal inter- 
mediates between the two forms, but the tentative assumption that pulchra 
and geronimensis are probably sympatric species seems to be justified in 
view of their marked morphological distinctness and their present rela- 
tively narrow geographical separation, together with the continuity of a 
suitable habitat in the intervening coastal area between these two stations. 


*I am indebted to Dr. Doris M. Cochran of the U. S. National Museum and 
Mr. Joseph R. Slevin of the California Academy of Sciences for the loan of com- 
parative materials from San Gerénimo Island and San Quintin, Baja California. 
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The collection of the peninsular specimen of geronimensis permits the 
presumption that the range of this southern representative of the group 
may extend at least as far south as the northern edge of the Vizcaino 
Desert. Among the four factors listed by C. M. Miller (1944, Ecological 
Monographs, 14: 288) as affecting the dispersal of Anniella pulchra, the 
two most concerned with a possible inhibition of a more southerly pene- 
tration of the coastal desert by geronimensis are undoubtedly moisture and 
ground temperatures. Fogs and dews along the desert coast of north- 
western Baja California may afford a coastal desert population of geroni- 
mensis at least a minimum satisfaction of moisture requirements during 
the rainless seasons. Concerning fogs in this region, E. W. Nelson (1921, 
Lower California and its Natural Resources, Mem. Nat. Acad. Sci., 16: 
100-101) writes: ‘They occur at all seasons, but are more prevalent dur- 
ing the summer months.—Fogs are most common from the northern bor- 
der to San Quintin and are oaly a little less common thence south to 
Cedros Island.—All along the west coast the fogs sweep in over the low- 
lands and near Ensenada up to over 4,000 feet altitude and in the middle 
of the peninsula to from 2,000 to 3,000 feet.” Nelson (I.c.) also remarks 
“Copious dews are also common on the west slope of the peninsula and 
in the morning the vegetation is often dripping with moisture and the 
surface of the ground dampened as from a light shower.” Regarding 
temperatures in this region this same author states that “Within a narrow 
coastal belt, rarely over 3 miles wide, from the northern border to oppo- 
site Cedros Island the temperatures are much like those at San Diego, 
Calif., which range from 32° F. in winter to 101° F. in summer.” Thus 
temperature and moisture factors which serve to check the eastward ex- 
tension of the range of A. p. pulchra into the Colorado Desert, beyond a 
few desert foothill oases such as La Puerta and Yaqui Well in San Diego 
County, are modified in the case of the coastal desert zone of northwestern 
Baja California by the climatic influence of the adjacent Pacific Ocean. 
It may be provisionally assumed that the range of geronimensis on the 
peninsula extends as far southward along the west coast as is compatible 
with the above mentioned climatic influences which serve to temper what 
otherwise would probably be unfavorable ecological conditions in these 
desert regions. 

The development in geronimensis of the more highly specialized shovel- 
shaped snout (comparable to that possessed by the snakes of the genus 
Chionactis) may aid in overcoming the hazard of lethal ground tempera- 
tures which may be of at least occasional occurrence in the coastal desert 
during the summer months. The modification of the snout certainly must 
afford this species a quicker and more efficient means of retreating to 
greater depths and through a more highly compacted sub-soil than is pos- 
sessed by either subspecies of Awniella pulchra, neither of which, with 
respect to snout development, is as well adapted to a fossorial existence 
as geronimensis. 

ZOOLOGICAL SOCIETY OF SAN DIEGO, 
SAN DIEGO, CALIFORNIA. 
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A Series of Manculus from Georgia 
By WILFRED T. NEILL 

It has recently been proposed that Manculus quadridigitatus be divided 
into three subspecies: M. g. quadridigitatus from North Carolina through 
Mississippi; M. g. paludicolus in Louisiana and Texas; and M. q. uvidus 
from northern Louisiana to Missouri (Mittleman, 1947, Herpetologica 3: 
209-224). It was stated that the differences between the various popula- 
lations were largely quantitative and never qualitative, and that no con- 
sistent color differences were evident (op. cit.: 209. A key was presented 
which was said to correctly identify 80% of the 274 specimens examined. 
Since the study included but 2 specimens from South Carolina (and these 
of uncertain locality), and but 21 specimens from scattered points in 
Georgia, it seems desirable to examine series from these states in the 
light of the supposed diagnostic features of the various races. 

The largest series available to me consists of 50 specimens from north- 
ern Emanuel County, about 2 miles southeast of Midville, Burke County, 
Georgia. In this series the combined vomerine counts range from 9 to 
13 (9-12 in 90%, 13 in 10%). The costal groove count is 17 in 76%, 
16 in 24%. The number of costal grooves between the toes of the 
appressed limbs is 6 in 12%, 5 in 26%, 4 in 38%, and 3 in 24%. The 
average total length is 62 mm., the maximum is 79 mm. It is of little 
use to examine each supposedly diagnostic character separately, since each 
displays considerable overlap among all three forms. However, in general 
it may be said that the vomerine count of the Emanuel County series 
agrees best with guadridigitatus, the costal groove count is that of uvidus, 
and the number of costal grooves between the appressed limbs suggests 
paludicolus or uvidus but not quadridigitatus. The average total lengths 
of the three nominal forms are not given; presumably they are not 
diagnostic. 

A comparison of this series with Mittleman’s key is instructive. At the 
first alternative one finds that 45 specimens, or 90%, display a combined 
vomerine count of 12 or less, thus advancing one to the second alternative. 
The costal grooves number 17 in 34 of the specimens; thus 68% of the 
total are keyed out to uvidus (ignoring, of course, range definitions in 
the key). The other 11 specimens, or 22%, are identified as guadri- 
digitatus. Returning to the first alternative, one finds 5 specimens, or 
10%, with a combined vomerine count of 13, advancing one to the third 
alternative. The costal grooves number 17 in 4 of these specimens ; thus 
8% more are identified as uvidus. The remaining example displays 16 
costal grooves, advancing one to the fourth alternative. In this specimen 
the number of costal grooves between the appressed limbs is 3, and 
accordingly it might be allocated with guadridigitatus. Thus 12 speci- 
mens out of 50, or 24%, are identifiable as guadridigitatus, although this 
is supposedly the form of Georgia and South Carolina. A similar situation 
is encountered in series from Richmond and Burke counties, Georgia, 
and Aiken and Barnwell counties, South Carolina. 

It should be noted that, had the costal groove count been 16 instead 
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of 17 in these specimens, nearly all of them would have keyed out to 
quadvidigitatus; and since the number of costal grooves between the 
appressed limbs is correlated with the costal groove count (within a 
given locality), nearly 100% of the specimens in this theoretical case 
could have been identified correctly. This is simply another way of saying 
that the upper Coastal Plain of Georgia and South Carolina is occupied 
by a population of Manculus that is characterized by the presence of an 
additional costal groove and a concomitant increase in the number of 
costal grooves between the appressed limbs. Probably other populations, 
with other more-or-less consistent combinations of characters, could be 
located throughout the range of the species. Indeed, I would go so far as 
to suggest that almost any form that occupies a fairly extensive range 
could be broken up into a number of populations displaying minor and 
mainly quantitative differences. Certainly the study of such populations 
is important; but the desirability of naming each sub-race is highly ques- 
tionable. Admittedly it is difficult to say what should be named and 
what should not. ‘In general I feel that forms distinguished by no qualita- 
tive differences and by only slight quantitative differences that overlap 
considerably, are scarcely worthy of recognition as separate subspecies, 
particularly when even a combination of characters fails to distinguish 
a sizeable percentage of the total. 





Hybrid Toads in Georgia 
By WILFRED T. NEILL 


Four forms of toads are found in Georgia: Bufo quercicus, B. wood- 
housii fowleri, B. terrestris terrestris, and B. terrestris americanus. This 
paper is concerned with the last three, which, for convenience in dis- 
cussion, will be referred to simply as fowleri, terrestris, and americanus. 

Fowleri is mainly an upland form in Georgia. It is common above the 
Fall Line, scarce below it. In. eastern Georgia the form invades the 
Coastal Plain for a distance of but 15 or 20 miles, being found in Burke 
and Jefferson counties. Terrestris, on the contrary, is a lowland form, 
ranging inland in eastern Georgia to a distance of about 10 miles above 
the Fall Line, in Columbia County. Thus in eastern Georgia the two 
forms overlap a strip of territory about 25 to 30 miles wide. In many 
parts of this strip the two are equally abundant, occupying the same 
habitat and breeding at the same time in the same ponds. 

Most toads from this region are readily identified as either fowleri or 
terrestris. However, some specimens seem to be intermediate between 
these two forms. In such examples the cranial crests lack knobs but are 
enlarged to a greater extent than in fowleri. The parotoids are oval or 
faintly reniform, and are separated from the postorbital ridges by tiny 
preparotoid ridges. A mid-dorsal white stripe is present, less distinct 
than in fowlerz but more so than in most terrestris. Other characters 
are also intermediate. These toads are deemed hybrids, for the following 
reasons: 
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1) They are intermediate in the diagnostic features that normally dis- 
tinguish fowleri from terrestris. 

2) They have been found only in the area where the ranges of fowleri 
and terrestris overlap. 

3) This is an area of pronounced merging of ecological niches, a cir- 
cumstance conducive to hybridization. 

4) Within this area the hybrid type has been taken only at localities 
where both fowler? and terrestris are common. 

5) Cross amplexation (fowleri males with terrestris females and vice 
versa) is often noted where the hybrid type occurs. 

6) In the laboratory, cross amplexations result in fertile clutches of 
eggs; and the resultant hybrids may even be back-crossed to the parent 
stock. 

The cranial crests of the hybrid type somewhat resemble those of 
americanus, and it might be argued that the aberrant specimens simply 
constitute an approach to this form in populations of terrestris. This 
seems unlikely, for the following reasons: 

1) No approach to americanus is evident in any other diagnostic feature 
(coloration, pattern, number and character of warts, head shape, etc.). 

2) Intergrades between americanus and terrestris should occur to the 
north of typical terrestris populations. The hybrid type occurs sporadically 
within the region of overlap of fowleri and terrestris, but not to the north 
of typical terrestris pee 

3) Terrestris and americanus do not intergrade along the Fall Line in 
eastern Georgia, statements to the contrary notwithstanding. 

In the Fall Line area of eastern Georgia, fowleri and terrestris are 
similar in coloration, both being greenish gray above, with large irregular 
blotches that inclose several warts. The belly is usually immaculate, al- 
though spotted venter occur in both. Both species almost invariably display 
an elongated, blackish blotch on the chest. A mid-dorsal white line is 
present in both (usually more pronounced in fowler?). Some specimens 
from Richmond County can not be allocated on the basis of head shape, 
proportionate head length, or the number and character of the warts, all 
these characters displaying some overlap. In some Richmond County 
fowleri, the parotoids are well separated from the postorbital ridges; 
preparotoid ridges may be present or absent. In some Richmond County 
terrestris the parotoids are elongated and in contact with the postorbital 
ridges. Reddish or blackish terrestris are very rare above the Fall Line, 
common 10 or 15 miles below it. Reddish or blackish fowler? also occur 
10 or 15 miles below the Fall Line, where ferrestris is the commonest 
species. These facts suggest genetic intercourse between the two forms, 
rather than parallel adjustments to similar environmental conditions. 

Intermediates between fowleri and terrestris have been reported in other 
areas (Chamberlain, 1939, Charleston Mus. Leaf. 12: 11). However, 
ppecty nowhere does there exist an intermediate population, the 
aberrant examples being of sporadic occurrence. In Richmond County, 
about 97% of the specimens collected can readily be allocated by.a com- 
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bination of diagnostic features. Accordingly, there is no justification for 
tampering with the taxonomy; the intermediates are best called hybrids 
rather than intergrades. 

The situation is not without parallel in herpetology. Thus in south- 
western Kansas a few intermediates have been noted between Thamno phis 
radix and T. marciana, although these forms are consistently different 
elsewhere (Smith, 1946, Univ. Kansas Pub. 1, no. 4: 99). These inter- 
mediates were classed as “hybrids.” A few intermediates between Eyry- 
cea lucifuga and E. longicauda have been noted from the Cumberland 
Plateau in Tennessee and Kentucky (Mittleman, 1942, Proc. N. E. Zool. 
Club 21: 104). In this case the specimens were called “intergrades,” 
and Jucifuga was accordingly reduced to a subspecies of logicauda, even 
though the two forms occupy a wide range in common. It seems possible 
that two subspecies could coexist over a considerable area, separated by 
some ecological factor; but the use of trinomials for such forms should 
await the discovery of intermediate populations, rather than scattered 
individuals. 

Terrestris is said to intergrade with americanus along the Fall Line 
(Netting and Goin, 1946, Copeia 2: 107). This is not the case in 
eastern Georgia. Scattered populations of americanus are found as far 
south as southern Oglethorpe County, about 40 miles from the nearest 
terrestris locality. Intergradation in that intervening territory seems un- 
likely for the following reasons: 

1) The continuity of the respective ranges has not been demonstrated. 

2) Many collecting trips over a 15-year period have revealed no inter- 
mediate specimen. 

3) The southernmost specimens of americanus show no approach to the 
nearest populations of terrestris. The dorsum is reddish or blackish, the 
venter flecked with black. The dorsal spots are small and subcircular, each 
inclosing but one wart. The warts are conical and spine-tipped, numerous 
and large, particularly on the hind limbs. The parotoids are decidedly 
reniform. The cranial crests show no trace of knobs. 

4) The northernmost Georgia specimens of terrestris show no approach 
to americanus, agreeing more with fowleri as noted above. In about 
97% of adult terrestris from Columbia County the cranial crests termi- 
nate in large knobs; the remaining 3% with reduced knobs approach 
fowleri in other characters. 

The situation, of course, does not prohibit intergradation between 
terrestris and americanus in other sections of the country. 

No possible hybrids between americanus and fowleri have been seen 
from Georgia. Such specimens probably exist; the literature contains 
many references to intermediates (Cope, 1889, Batrachia of North Amer- 
ica: 279; Chamberlain, op. cit.: 8; Walker, 1946, The Amphibians of 
Ohio, part 1: 36). It has also been shown that the two forms can be 
successfully mated in the laboratory, producing fertile offspring (Blair, 
1941, Genetics 26: 398 et seg.). Probably intermediates exist between 
americanus and typical woodhousii, as well (cf. Cope, op. cit.: 282). 
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The Sound-Transmitting Apparatus of Salamanders 
By WiLuiaM A. HILTON 
(Dep. Zoology, Pomona College) 


The name operculum was early given to the plate of tissue within the 
oval window or fenestra vestibuli of salamanders. Gaup in 1898 recog- 
nized two structures or elements, the columella and the operculum. 
Kingsbury and Reed, 1902 to 1920, clearly distinguished between these 
two. Although there is no tympanum or middle ear in the strictest sense 
in any salamander, a columella is present in some although it does not 
reach the outer surface of the body. In many cases it seems not to be 
functional in the adult. It may consist of two portions; a short rod-like 
stilus connecting the jaw suspensorium of the squamosal and quadrate 
bones, with the more proximal flattened, often bony expansion which fills 
all or the anterior part of the fenestra. In some adults the columella may 
fuse with the auditory capsule to be entirely indistinguishable. Although 
a larval structure, it is found in adults, especially those that are larval-like 
and in most of the members of the family Plethodontidae. 

The operculum fills the more caudal portion of the fenestra. It is a plate 
of cartilage, or cartilage and bone attached at its margins by the flexible 


fenestral membrane. It is derived from the capsule of the ear sometimes /.%* 
ag late in the larval period. It is especially developed in the adult, in’: 
act it seems to be the only part of the opercular-columellar plate in many ~ 
cases as the columella is so completely fused. The operculum of the adult - 
is attached to the scapula by a well-developed muscle derived from the” 


M. levator scapulae and given the name M. opercularis by Gaup, 1898. 

Dunn 1922, notes that in Hynobius leechi the columella is free in the 
auditory capsule and in addition a M. opercularis from the operculum to 
the shoulder girdle. This I can confirm, but it is by no means a condition 
limited to the family Hynobiidae. Also in other members of the family 
there are different conditions. For example, in a specimen of Batrachu perus 
examined, there is a columella with a stilus but the operculum is not free, 
in fact seems not to be developed. This individual was an adult but it 
might not have been long since it transformed from the larval state. 
AMBLYSTOMIDAE 

A. maculatum. According to Reed and Kingsbury whose account I 
follow in part, the first trace of the columella is found in embryos of 
11-13 mm. The columellar tissue is more clearly defined as a continuous 
group of cells against the fenestral membrane, in specimens of 13-14 
mm. In those 14-15 mm. long there is a small cone of cartilage whose 
base is against the membrane and whose apex projects out into the dense 
tissues still connecting with cell groups between the otic capsule and the 
palato-quadrate. The stilus seems to form from this tissue, the part not 
developing cartilage becomes the squamoso-columellar ligament. In later 
larval growth the part of the columella fitting into the membrane increases 
greatly in size to form an elongated plate of cartilage—the fenestral plate. 
In late larval life the columella becomes joined to the dorso-cephalic 
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margin of the fenestra by delicate cartilage. Ossification is late. Two plates 
of bone are formed, one on the inner surface of the columella, the other 
on the outer surface. Shortly before transformation at about 45 mm., the 
fenestra is an elongated oval, its dorsal border bounded by a ridge over 
the lateral semicircular canal which Reed and Kingsbury call the crista 
semicircularis. The fenestral plate occupies the larger portion of the 
window. In a slightly later stage new cartilage joins the columella on 
dorsal and ventral margins. At transformation the fenestral plate becomes 
joined to the lips of the opening on all sides but the caudal and caudo- 
ventral. A portion of the primary fenestra behind the stilus is very thin. 
At transformation the attachment of the stilus becomes largely transferred 
from the squamosal to the palato-quadrate. The operculum is present in 
the transformed salamander in the caudal portion of the new fenestra. 
The opercular muscle fits into a depression on the exterior surface of the 
operculum which develops from a part of the ear capsule. 

In examining an adult A. maculatum, no columella was at first evident, 
but one was found rather deep dorsally on the side of the ear capsule. 
It was largely of bone with a ridge or point of bone which may represent 
the stilus. The whole structure was not completely fused with the sur- 
rounding regions except by membranes. The operculum, all cartilage, 
gave rise to the large opercular muscle. 

In a larvae of 28 mm. probably of this species, surface views show the 
fenestral region with a suggestion of a columella and the beginning of 
a stilus. In a larva of 35 mm., Amblystoma there is an indication of the 
columella with its stilus and a well defined opercular area. 

In A. jeffersonianum larva of 18 mm., the stilus and columella are 
clearly indicated. 

In A. tigranum larva of 90 mm. length, the columella is large and of 
bone with a short thick stilus. The definite operculum is of cartilage. A 
specimen of 120 mm. length was much the same. In a large larva the 
operculum is not evident as separate from the ear capsule. The bony 
columella is thick with a short bone base for the short stilus. 

In a young adult, both operculum and columella are evident. This is 
true in varying degrees up to the larger forms where in some cases the 
columella is not evident. 

In Siredon the conditions are like the large larvae of Amblystoma, 
the stilus is very short. 

In a young adult A. macrodactylum of 66 mm. body length, both 
operculum and columella are evident with a stilus in the latter. 

In an adult A. texanum of 90 mm. length, the operculum has a large 
muscle, the stilus and columella are present. 

In a larva of A. opacum of 50 mm., the stilus and columella are all 
cartilage, the opercular region is not differentiated. 

In a Rhyacotriton larva of 40 mm., the columella and stilus are partly 
bone. The adult is like the larva but more bone is formed, the operculum 
is not separate from the columella. 

In Rhyacosiredon the larva has a large bony columella with little of a 
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stilus, only a rather blunt pointed end. The region of the operculum is 
small in comparison. In an adult the condition is similar with no distinct 
stilus and a small opercular area. 

In Dicamptodon the larva when mature and nearly as large as an adult 
has a large columella of bone with a broad basal part of the stilus whose 
extremity is cartilage. In the large adult there is no sign of the columella, 
the operculum of cartilage has a well developed opercular muscle. 


HYNOBIIDAE 

Two genera were examined in the adult condition. 

Hynobius leechi has the columella well developed with a bony base 
and a well-marked stilus. The operculum is large and has a large opercular 
muscle. 

In an adult Batrachuperus pinchonit, there is a well developed columella 
and stilus but the operculum is not evident. The region of the capsule 
where it should be found is solid bone. 

PROTEIDAE 

Platt 97, Kingsbury ’03 and Reed '15 consider the columella in Nec- 
turus as independent of the ear capsule in origin. It appears in embryos 
of 15-20 mm. length as a cord of cells extending between the squamosal 
and the fenestra vestibuli, but in early stages independent of both. In a 
larva of 23 mm. this is, according to Reed 15, a well-defined chondrified 
rod extending from the level of the cephalic rim of the fenestra and 
across, free from all other skeletal structures; no stilus is yet present. In 
a specimen of 25 mm. the columella has greatly increased in size. Ina 
specimen of 48 mm. the stilus is well formed. A group of cells back of 
the columella represents the operculum. In the adult there is no distinc- 
tion between columella and operculum. The adult retains the condition 
of a larva with no evident opercular muscle or plate. In a specimen of 
110 mm., the columella is well shown but I found indication of a distinct 
operculum. In Proteus the stilus is long, the columella is thin and oval 
in outline. 

CRYPTOBRANCHIDAE 

In a Cryptobranchus of 35 mm. I found the columella small with a 
broad stilus, all of cartilage. In the adult the columella alone is also seen, 
it is especially heavy with a short stilus, all of bone. 

AMPHIUMIDAE 

According to Reed, the development of the columella and stilus is much 
as in other forms described. 

The adult has a large columella with a large stilus, all bone. 
SIRENIDAE 

In Siren there is a large cartilagenous plate in the fenestral opening. 
It corresponds to a columella but is different in several ways. There is 
no stilus but a ridge in the plate has a dense mass of connective tissue 
which runs to the hyoid arch, to be attached on or near it. Immature 
stages I have examined show no signs of a stilus, but there is from early 
stages a ridge for the attachment of the strong ligament which runs to 
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the hyoid. As far as I could discover Pseudobranchus seems similar 
although the only specimen examined was not perfect in the otic region. 


SALAMANDRIDAE 


In adult Salamandra the operculum is well developed with a strong 
opercular muscle. I found no indication of a columella. The operculum, 
fitted to the fenestra by tough membranes, is entirely cartilage. In all the 
species of Triturus examined including both European and American 
forms; in all cases the conditions were much like Salamandra, the oper- 
culum of cartilage, no columella evident. There were a few cases where 
a little bone was developed in the center of the plate. Some also had a 
smaller plate in proportion than others, such as T. vulgaris, but there was 
remarkable unity in the whole genus. This condition was true also for 
other members of the family examined, such as: Exproctus, Pleurodelides, 
Cyno ps, Pachytriton. 

In a 35 mm. young of T. v. Jouisianus in the larval condition the 
columella was located but no stilus seen. 

In a young of T. torosus 30 mm. long a stilus was seen with the small 
columella. 


PLETHODONTIDAE 


Most of the genera of this family were examined. As a rule the adult 
had a stilus and columella with little indication of a separate operculum. 
The opercular region of the plate was usually indicated at the caudal end 
by the attachment of the opercular muscle. In some larvae, such as those 
of Desmognathus and Eurycea as well as Gyrinophilus and Pseudotriton 
the larval condition of the plate was much like the adult except for less 
evident muscle attachments. In some larvae such as Lewrognathus the 
stilus was not well developed, especially in some of the youngest larvae. 
The fenestral plate was largely bone in the adult and often partly bone 
in large larvae. In adult Typhlotriton the conditions were found as 
described for most of the family, but one adult examined seemed to lack 
a stilus. Kingsbury and Reed speak of the stilus of Typhlomolge as being 
fragmented, those that I examined were not. Each one was a rather 
marked, somewhat serrated bone well attached to the rest of the columella. 
They also speak of the stilus of Batrachoseps as being vestigial, but I 
never found it in such a condition although it was always small, a little 
smaller perhaps than those of Hemidactylum and Manculus. 

In Plethodon, Plethopsis, Eurycea, Hydromantes, Pseudotriton, Gyrino- 
philus, Stereochilus, Bolitoglossus and in fact all examined in this family 
were typical as to the fenestral plate with the one exception of the genus 
Oedopinola from Panama. Here the plate was only slightly bony and 
entirely without a stilus. 


DISCUSSION 


The development of the fenestral plate both phylogenetically and onto- 
genetically seems to be somewhat as follows: The columella begins first 
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as a mass of tissue outside the ear capsule; this joins the capsule, fuses 
with it and by means of an extension, the stilus extends to the quadrato- 
squamosal. The connection is made by means of cartilage and membrane. 
Later the operculum is developed from the ear capsule. The early larval 
condition would be that in which the columella and stilus were developed, 
later—perhaps in late larval life, the operculum is formed with its muscle 
M. opercularis to the shoulder girdle. With the change from the larval 
to the land stage the columella becomes less conspicuous and may later 
fuse with the ear capsule to become indistinguishable from it. With the 
adults of some, especially most of the Plethodontidae, the columella and 


stilus are evident in the adult and apparently the operculum is merely a 
part of the columellar plate. 


Many larvae and some adults like Cryptobranchus, Necturus, Proteus 
have the operculum attached to the suspensory apparatus of the jaws. 
Siren has it connected with the hyoid. It is suggested in aquatic forms 
like these, both larvae and adults have communications with the external 
world by way of the jaws, suspensorium, stilus, columella to the fenestra. 
Such forms are inclined to rest the jaws on the bottom of the pool or 
stream where they reside. The hyoid and the jaws are then in a favor- 
able position to receive vibrations from below. In strict terrestrial forms 
such as Salamandra, Triturus and some Amblystomidae, the head is held 
clear from the ground and the auditory stimulus seems to travel by means 
of the fore legs to the shoulder girdle to the operculum of the ear by way 
of the opercular muscle. 


Hearing in any case must be limited to low-frequency vibrations of 
wide amplitude. Possibly the M. opercularis may increase the range. 


It is possible that the various conditions of the sound transmitting 
apparatus in various groups, genera or species or even family, may show 
adaptations to the life they lead. For example it might be suggested that 
the Plethodontidae show less adaptation for land than the Salamandridae 
and some Amblystomidae. 


In a review of the lateral line sense organs of salamanders Hilton, ’47, 
it is interesting to note that in those cases where these sense organs are 
best developed the animals are more aquatic and for the most part have 
ears of the aquatic type. In the case the Plethodontidae as a whole show 
less of the lateral line organs than many others. On the other hand some 
of the Salamandridae have well developed lateral line organs so the corre- 
lation between the ear structures and the lateral line sense organs is not 
perfect. It would appear that the lateral organs reflect their environment 
more closely than do the ear structures. For instance within the same 
species, such as Amblystoma maculatum and some others, adult individuals 
differ greatly in the appearance of the lateral line organs. There is how- 
ever also some variation between individuals of the same species as to ear 
structures. 
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CONCLUSIONS 


1. Two structures are found in the fenestral area: Columella, often 
with a stilus and operculum connected by muscle with the shoulder girdle. 
The columella and the basal part of the stilus are usually largely bone. 
The operculum is usually all cartilage. 

2. The columella and stilus are found especially in aquatic larvae or 
larval-like adults such as Necturus, Proteus, Amphiuma, Cryptobranchus. 
The stilus makes connection with the quadrato-squamosal. 

3. Siren has a thick columella of cartilage (at least in younger indi- 
viduals). It has no stilus and is associated if not really connected with 
the hyoid arch. 

4. In Amblystomidae, although some adults have the columella fused 
with other parts, they often have the columella and stilus distinct. The 
same is true for the Hynobiidae. Even in some quite old specimens the 
columella is free and distinct. 

5. In one member of the Amblystomidae, Rhyacotriton, both larvae 
and adults seem the same with a well developed columella and stilus. 

6. In Salamandridae the larval forms so far as studied are typical, but 
all adults have a rather delicate operculum with no indication of stilus 
and columella. 

7. In Plethodontidae the adults usually have a well marked bony 
plate which bears an opercular muscle and has a stilus at the other end 
which connects by means of cartilage and membrane with the squamoso- 
quadrate. 

8. If the possession of a well developed operculum with its muscle to 
the shoulder girdle is a land condition it would seem that the Sala- 
mandridae especially and to some degree the Hynobiidae and the Ambly- 
stomidae would be land forms. The Plethodontidae with both muscle 
and columella would be intermediate, about as much aquatic as land. The 
possession of a columella as in Proteidae, Cryptobranchidae, Amphiumidae, 
Sirenidae and many larvae, suggests an aquatic form, especially as in most 
of these there is no evident operculum. 

9. Certain individual species seem not in agreement with others of 
their groups. Rhyacotriton seems more like the Plethodontidae and 
Hynobius seems more aquatic than others of its family as judged by the 
ear alone. Oedopinola was the only genus examined among the Pletho- 
dontidae that had no stilus on the columella, but it is possible that some 
other southern genera may have such a condition. 

10. In general the most aquatic groups judging from the fenestral 
plate alone might be as follows: 

Proteidae, Cryptobranchidae, Amphiumidae and Sirenidae all about the 
same or strictly aquatic. Next would come Amblystomidae and Hynobiidae, 
then Plethodontidae intermediate between land and water with elements 
of both columella and operculum functional in the adult but not as in 
Amblystomidae, really more specialized. Last of all would be the Sala- 
mandridae all of which have no distinct columella in the adult but a well 
marked operculum with its prominent muscle. 
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Fic. 1. Operculum and columella in salamanders. 

The scale equals one mm. A number are face view such as 2, 4, 5, 7, 
9 and 10A. Most of the rest are somewhat side views as far as the 
columella is concerned. 

1. Adult Necturus. 2. Proteus. 3. Small Amphiuma. 4. Small adult 
Cryptobranchus larva of 35 mm. 5. Young Cryptobranchus. 6. Small 
adult Siren. 7. Siren of 92 mm. 8. Siren of 112 mm. 9. Amblystoma 
maculatum adult. 10. Amblystoma larva of 20 mm. 11. Larva of 90 
mm. 12. Young adult A. tigrinum. 13. Larva of A. tigrinum 90 mm. 
14. Adult A. texanum, half grown. 15. A. tigranum, full grown larva. 
Columella. 16. A. opacum adult. 17. Rhyacosiredon larva. 18. Rhya- 
cosiredon adult. 
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Fic. 2. Columella and operculum of salamanders. 

Scale equals 1 mm., bone dark, cartilage stippled. 

1. Side view of the columella of Dicamptodon larva. 2. Operculum 
of adult Dicamptodon. 3. Rhyocotriton larva. 4. Rhyocotriton adult. 
5. Salamandra, adult operculum with muscle. 6. Batrachuperus pinchonii 
columella of adult. 7. Hynobius leechi adult, Columella and operculum. 
8. Plethodon glutinosus adult. 9. Desmognathus quadramaculatus adult. 
10. D. fuscus, 20 mm. larva. 11. D. fusca, 25 mm. larva. 12. Bolito- 
glossa adult. 13. Typhlotriton larva of 70 mm. 14. Typhlotriton adult. 
15. Oedopinola adult, no stilus. 16. Lewrognathus larva of 50 mm. 17. 
Leurognathus larva of 62 mm. 18. Lewrognathus adult. 19. Ensatina 
adult. 20. Gyrinophilus adult. 21. Typhlomolge adult. 22. Hydro- 
mantes platycephalus adult. 23. Pseudotriton adult. 24. Manculus adult. 
25. Hemidactylum adult. 26. Batrachoseps adult. 28. Aneides adult. 
29. Stereochilus adult. 30. Triturus viridescens adult. 31. Cynops pyr- 
rhogaster adults. 
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Fic. 3. Diagrams of the position and arrangement of the columella and 
operculum of salamanders, modified after Reed and Kingsbury. 

1. Side view of the conditions in Proteidae, Cryptobranchidae Am- 
phiumidae and many larvae in other groups. Columella and stilus shown 
connecting with the quadrato-squamosal, the operculum not evident. 

2. Condition in Amblystomidae where the operculum is well developed 
in the adult and sometimes the columella and stilus. This is the condition 
in some of the family Hynobiidae. 

3. Condition in Sirenidae where the columella without a stilus is 
associated with the hyoid by means of membranes. 

4. Condition in Plethodontidae adults. Columella and stilus with the 
caudal portion of the fenestral plate apparently an operculum. 

5. Condition in Salamandridae where the operculum alone is evident. 

6. Diagram of larval arrangement with the columella connected to the 
jaw suspensorium. 

7. Condition in Sirenidae where the operculum without columella is 
associated with the hyoid arch. 

8. Condition in many adult salamanders where the columella is not 
evident and the operculum is connected to the scapula by muscle. 
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FicuRE 4. Development of the fenestral plate in salamanders. Modified 
from Reed. Surface views showing formation of columella and stilus. 
1-3. Necturus of 23, 25 and 48 mm. length. 
4-6. Amphiuma of 30, 85, and 265 mm. length. 
7-10. Eurycea bislineata larvae of 25, 28, 34 and late 34 mm. length. 
11. Siren of 133 mm. 
12. Siren of 215 mm. 
13. Desmognathus fuscus larva of 21 mm. 
14. Gyrinophilus p. porphyriticus larva of 82 mm. 
15. Adult G. p. porphryriticus. 
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INCIDENCE OF RATTLESNAKES IN PANAMA—Rattlesnakes are 
found in Colombia and in Costa Rica, the two countries bounding Panama, 
and presumably should be in Panama also. The writer's opinion is that 
eventually some will be found, but that they are probably in spotty distri- 
bution, and possibly scarce. 

I have never personally seen a rattlesnake which I definitely knew 
originated in Panama, and I have had nearly 30 years in the country. 
Dr. March, who had a snake farm and Zoo in Panama City suburbs told 
me he had never received a Panama specimen of rattler. 

Dr. Clark, of the Gorgas Laboratory at Panama City advised me in 
January 1947 that in a Panama snake census in which a bounty was paid 
and approximately 13,300 snakes were brought in by the natives, there 
were NO RATTLERS. 

It is possible that Indians may have some superstitions about rattlers, 
and be unwilling to molest them, but there is no definite information as 
to this. About 1935 a few rattlers were secured by Dr. Clark, origin 
uncertain, but they may have come from the country in the section of 
Tole and Canazas—-VAN ALLEN LYMAN, Balboa, Canal Zone. 





SOUND MADE BY GERRHONOTUS—On November 29, 1948 I 
was taking pictures near Punta Santo Tomas, Baja California, Mexico, 
about 150 miles south of San Diego, California. I nearly stepped upon a 
mature alligator lizard which remained motionless until I bent over to 
pick it up when it suddenly darted under an agave. As it made the first 
leap it made a sound that could be spelled “quork.” There was no wind 
blowing or other sound that could have led to confusion as to the source 
of the sound. I have observed these lizards many times and have even 
seen the act of mating, but never heard any sound before——Frep H. 
WYLIE, Photographer, Visual Education, San Diego, California. 
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Food of the Island Night Lizard 


By GEORGE F, KNOWLTON 


A result of a cruise to the Channel Islands off Southern California by 
the Research Ship “Orca” of the J. W. Sefton, Jr. Foundation was a 
series of 24 Xantusia riversiana reticulata Smith, taken by Major Chapman 
Grant, August 15, 1948, from San Clemente Island. The specimens are 
now in the collection of the San Diego Society of Natural History. Major 
Grant reports this island to be almost treeless, grassy, with plenty of 
Opuntia (prickly pear). He found these lizards to be very numerous 
under rocks in those areas where loose rocks, cactus and sparse brush 
abound. 

The occurrence of substantial amounts of plant material in most of 
these island night lizard stomachs reminded the writer, 
to some extent, of food of the chuckwalla, Sauromalus 
obesus (Baird). Stomach contents of chuckwallas ex- 
jamined by the writer were comprised of large amounts 
of plant material, including blossoms. The only insects 
observed in stomachs of these large desert vegetarians 
were a few thrips and aphids, doubtless ingested by 
fm accident along with the plant food. 

A second item of night lizard food which proved to 
be of particular interest was the presence of 22 recog- 

G. F. Knowlton nizable sow-bugs, besides numerous fragments which 
doubtless were of this same crustacean. Nine of the Xantusia stomachs, 
intestines, or both held this material, plus four additional small crustaceans 
which may have been different. 

Total insect food found to be in recognizable condition consisted of: 
2 Thysanura; 1 Collembola; 2 Orthoptera, crickets; 7 Hemiptera, includ- 
ing Lygaeidae and Miridae; 1 Homoptera, a winged Aphis sp.; 1 Thysan- 
optera, likely taken on plant material; 1 Neuroptera; 32 Coleoptera, in- 
cluding 4 weevils, 1 leafbeetle and 3 ground beetles; 9 Lepidoptera, 8 
being adult including one large Noctuidae moth, and 1 caterpillar; 10 
Diptera, 2 being maggots and 1 blue-bottle fly; 82 Hymenoptera, of 
which 27 were ants, besides a braconid and a chalcid wasp. Other recog- 
nizable stomach, intestine and rectal contents included 5 spiders in as 
many lizards; lizard skin, in some cases in large amount and apparently 
of this same species of island night lizard, was found in the digestive 
tract of five lizards; small amounts of mammal skin, hair, and one thin 
mammal tail (a juvenile mouse 2) were recognized in four stomachs. 712 
parasitic nematodes were counted in 13 lizards; doubtless a great number 
of others were overlooked as no complete search was made for them; as 
many as 200 of these nematode worms were found in one lizard. Plant 
material was present in all but one of the digestive tracts, and often recog- 
nizable in both rectum and stomach. Grass, sedge, seeds, and in one case 
a small fruit of some kind, was recognized. In 15 of the 24 lizards, plant 
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material was estimated to constitute at least 50 percent of the total food. 
The total plant material reached 80 to 97 percent in three of the lizards. 
No snails were recognized among the food in these lizards; Major Grant 
reported snails to be very numerous on this island. 





Insect Food of the Red-Backed Alligator Lizard 


By GEORGE F. KNOWLTON 


On August 10th and 11th, 1948, Major Chapman Grant collected and 
preserved 12 specimens of Gerrhonotus multicarinatus multicarinatus 
(Blainville), taken on Santa Rosa Island, off the coast of Southern Cali- 
fornia. This collection was made as a part of an “Orca” expedition of 
the J. W. Sefton Foundation. This island was practically treeless, grass 
covered, with very little small life observed on it at the time of Major 
Grant’s visit. What few insects he saw there were in aggregations and 
few if any others of the same species were seen. For instance, he found 
“a cupful of red lady beetles” under one rock, and but few scattered indi- 
viduals otherwise. No ladybird beetles or their recognizable fragments 
were found in stomachs or intestines, although lizards rather commonly 
eat ladybird beetles in Utah. All of the lizards came from under 2 x 12 
planks which outlined the “air field,” on a grass covered (sparse, dry) 
shelf 20 feet above sea level. The ground was “doby” with many cracks. 

Examination of the contents of stomachs, intestines and large accumu- 
lations in many rectums revealed that a fairly large darkling beetle con- 
stituted an estimated eighty percent of the recognized food, by volume. 
These beetles were approximately one-half inch long and broad. Even 
when these beetles had moved into the rectum (probably after at least 
two days of digestion) the hard body parts of many specimens were still 
largely intact. Examination of the largest lizard specimen revealed 12 
Tenebrionidae, 1 pentatomid bug, one fly and one grass blade in the 
stomach; with 5 additional darkling beetles and 4 parasitic nematodes in 
the intestine and rectum. The next largest lizard held 4 Tenebrionidae 
beetles, 1 Hymenoptera, and 1 plant fragment in the stomach, plus 85 
parasitic nematodes in a “‘ball’’ at the outlet end of the stomach. Major 
body parts of five additional darkling beetles, besides wings and fragments 
of 3 Diptera were in the intestine and large rectal sack. 

A two-thirds grown lizard which had a well-filled stomach, contained 
7 of the large black darkling beetles besides parts of a smaller beetle; 2 
Hemiptera, one being a pentatomid; and 1 plant fragment. The rectum 
and intestine held rather-intact abdomens and other hard portions of 4 
additional darkling beetles, portions of a ground beetle and of one other 
beetle, besides a section of a grass blade. 

Total recognizable insect food in the 12 digestive tracts consisted of: 
4 Hemiptera, of which 2 were Pentatomidae; 1 Homoptera, a winged 
Aphis maidis Fitch; 107 Coleoptera which included 73 recognizable 
Tenebrionidae beetles in ten lizards, besides 2 Dermestidae, 2 Carabidae, 
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and one each of Buprestidae, Cucujidae and Elateridae; 6 Diptera, adults; 
and 2 Hymenoptera. Also recognized were 16 spiders in 8 lizards; one 
gtass seed and two other seeds plus 25 miscellaneous plant fragments. It 
is likely that most or all of the plant material was ingested by accident. 
Evidently the common darkling beetle and some good sized spiders afford 
the chief food of this lizard around the air field during the fore-part of 
August, on this particular island. Nearly all of the lizards were infested 
by parasitic nematodes, only part of which were obtained and counted to 
secure the approximately 732 worms recovered from outlet-end of stom- 
achs, with fewer along the intestine, rectum, and present among food 
throughout the stomach, in some instances. 

Supplement: In addition to the twelve red-backed alligator lizards, 
Major Grant's collection from this island included a gies occiden- 
talis becki (Van Denburgh). This mature specimen evidently had fed 
out among the grass. Its stomach contained 6 freshly eaten green grass- 
feeding leafhoppers, 2 other leafhoppers, 4 beetles of which one was a 
leafbeetle, 5 Hymenoptera, one being a winged ant and another a black 
mud-dauber wasp; 4 Hemiptera, including an adult and a nymphal Lygaei- 
dae; 2 spiders and 2 plant fragments. In the rectum and intestine, besides 
numerous insect fragments, were parts of 5 beetles, one being a leafbeetle, 
2 Hemiptera heads and some wings (apparently Lygaeidae), and 3 plant 
fragments. 


UTAH STATE AGRICULTURAL COLLEGE, LOGAN, UTAH 





A RECORD LENGTH MILK SNAKE—While investigating reports 
that snakes had been previously seen in a closed well near Glen Mills, 
Delaware County, Pennsylvania, I collected an unusually large, male Milk 
Snake, Lampropeltis t. triangulum (Lacépéde), on March 3, 1948. The 
total length of the specimen before preservation was 1200 mm. (47.2 
inches), thus exceeding the previously published maximum length of 
4344 inches (Conant, 1938, The Reptiles of Ohio: 66). The snake is 
now in the Carnegie Museum, number 28709. 

Three Black Racers, Coluber c. constrictor Linné, and another Milk 
Snake were also found in the same well. 


The well in which the snakes apparently hibernated was approximately 
twenty feet deep and four feet wide. The sides were lined with large 
stones which were placed in such a manner as to allow the snakes an 
easy passage between them. A large, heavy, concrete block served as a 
cover. When disturbed by my presence the snakes moved deeper into the 
walls and toward the top of the well. One Black Racer was collected at 
a depth of ten feet and others at six feet—RobBerT G. HUDSON, 5725 
Beechwood St., Philadelphia 38, Penna. 
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Range Extension of Eupemphix pustulosus 
in El Salvador 


On the evening of July 27, 1948 two male specimens of Eupemphix 
pustulosus, measuring 27.5 mm. and 29 mm. respectively, were collected 
by the writer at La Union, El Salvador. The night before there had been 
a heavy rain, a “‘chubasco,” and the ground was still muddy, with many 
puddles. The puddle in which these frogs were found was located in a 
field sparsely covered with knee high, leafy, herbaceous vegetation. It 
was irregular in shape, about six feet in diameter, and not more than six 
inches deep. 


At first the frogs could not be located, though their calling hardly 
abated at my noisy approach. However, careful search with a flashlight 
revealed a frog sitting in the water at the edge of the puddle. It was 
distended and seemed to be about the size of a Hyla regilla. It was not 
at all disturbed by the light and was easily caught, whereupon it deflated 
to about half of its original size. The other specimen was caught in a 
similar fashion. Breder (1946: Bull. Amer. Mus. Nat. Hist., Vol. 86 
(8): Plate 43) has two excellent illustrations of the species calling. 


Several egg masses were found. They agreed with Breder’s description 
(1946: 397). Each mass was composed of a thick, viscous foam and 
floated upon the surface at the extreme edge of the water attached to a 
twig or piece of grass. The masses were three or four inches in diameter. 
The eggs were pale yellow, about 3 mm. in diameter, and were scattered 
through the middle of the egg mass. 


Breder (1946: 397) reports the call to be “‘a very soft and faint ‘coo’ 
followed by an equally soft ‘click’ which may be almost inaudible or 
omitted entirely.” I find that the call is more like the sound of a gong, 
rising toward the end, and sometimes ending in a rattle. The call, to be 
sure, be quite soft but can be heard for a considerable distance, 300 to 
400 feet. 


This frog is abundant around La Union, calls having been heard from 
practically every puddle. Smith and Taylor (1948: U.S. Nat. Mus. Bull. 
194: 47) state the range of “Engystomops pustulosus’” includes both sides 
of the Isthmus of Tehuantepec and the Atlantic coast from central Vera 
Cruz through Central America into South America. If we are to follow 
Smith, the present specimens extend the range of Eupemphix pustulosus 
to the Pacific coast of Central America in El Salvador—OrtTTo M. SOKOL, 
Natural History Museum, Stanford University, California. 


%* * * * 


Two members wish to exchange living European specimens for suitable 
living terrarium specimens from the U.S. 


Mr. D. O. Carr, 13 Finnart Rd., Greenock, Scotland. 
Mr. P. Maeder, Blauensteinerstr, 10, Basle, Switzerland. 
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New Snake Records and Notes, 
Morgan County, Missouri 
By VIRGIL OWENS 


The data herein was made during the summer of 1948, at a boy’s camp 
about fourteen miles west of Eldon, Missouri. The country-side is typical 
Ozark habitat surrounding the Lake of the Ozarks. The rocky hillsides 
have reached the oak-hickory climax of a normal ecological succéssion. 
In many places the area has been damaged by fire, but there has no 
a major fire recently enough to influence the animals inhabiting thi 
ticular area. 

Three of the snakes, Heterodon Platyrhinos Platyrhinos, Thamno 
ordinatus parietalis and Lampropeltis getulus holbrooki, were taken,to the 
University of Missouri as new records of Morgan County. Ki 
Eurycea longicauda melanopleura (Cope). Cope’s Cave Salamander. 

Three specimens were seen in a small brook at the entrance of Stark 
Cave, about six miles south and west of Eldon, on August 11. 


Bufo americanus americanus (Holbrook). American Toad. 

This was the only toad seen during the summer. Scarcely a day between 
the dates of June 27 and August 22 passed without one or more individ- 
uals being found. 

Rana catesbeiana Shaw. Common Bullfrog. 


Several individuals taken near Blue Springs, a small creek located five 
miles south of Rocky Mount, on July 17. 
Rana pipiens pipiens Schreber. Leopard Frog. 

Very common around the camp proper which is located right on the 
Lake of the Ozarks. Their calls could be heard almost every night during 
the summer. 

Rana palustris LeConte. Pickerel Frog. 

Equal in abundance and occurrence to R. pipiens. 
Sceloporus undulatus hyacinthinus (Green). Fence Swift. 

Occurs in great abundance over all of the Ozark region of central 
Missouri. 

Eumeces fasciatus (Linn). Blue-tailed Skink. 

Abundant throughout the central Ozark region of Missouri. It may 
be seen almost every day basking in the sun on rocky ledges, fallen timber, 
and fence rails. 

Eumeces laticeps (Schneider). Big-footed Skink. 

Seen only once during the summer, on August 11, six miles south and 
west of Eldon. 

Diado phis punctatus arnyi (Kennicott). Ring-necked Snake. 

Seen frequently throughout the summer, but not in as great abundance 
as in other regions of the Ozarks. One was taken under a rock on July 9. 
Heterodon Platyrhinos Platyrhinos (Linn). Hog-nosed Snake. 

Extensive collecting in Morgan and Camden counties has revealed only 
two specimens in the last three years. The Morgan county: record was 
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taken on August 2. The snake was apparently familiar with man, as at 
no time during its captivity did it make any offer to play the usual “dead 
snake” routine. The snake is now in the collection of the University of 
Missouri. At the time of this writing, however, no catalogue number had 
been assigned to it. 
Opheodrys aestivus (Linn). Keeled Green Snake. 

Several green snakes were seen throughout the summer. 
Coluber constrictor flaviventris (Say). Blue Racer. 

Generally one of the most common of Missouri snakes, the Blue Racer 
occurred only three times throughout the summer. Two of these were cap- 
tured, one on July 7 and the other on July 10. A larger one was observed 
feeding on a nest of White-footed Mice. 

Coluber flagellum flagellum (Shaw). Coachwhip. 

One of the most frequently observed snakes of the Missouri Ozarks. 
Elaphe obsoleta obsoleta (Say) . Pilot Blacksnake. 

Seen freqently during the summer. 

Lampropeltis getulus holbrooki (Stejneger) . Salt-and-Pepper King Snake. 

On July 2 and July 28, two snakes were taken. 

Natrix sipedon sipedon (Linn). Common Water Snake. 

Three water snakes taken during the summer were found in the little 
spring creek approximately 200 yards west of the entrance to Stark Cave, 
on July 7 and July 8. 

Storeria dekayi (Holbrook). DeKay’s Snake. 

Seen only once during the summer, near the entrance to Stark Cave on 
August 9. 

Thamno phis ordinatus parietalis (Say). Red-barred Garter Snake. 

Perhaps more abundant than any other snake seen during the summer. 
On July 5 one was taken while attempting to eat a toad, and another, on 
July 28 while feeding on a frog. 

Agkistrodon mokasen mokasen (Daudin). Northern Copperhead. 

Usually found frequently in the Missouri Ozarks, but only one was seen 
during the summer, on July 1 after striking at one of the camp laborers. 
Crotalus horridus borridus (Linn). Timber Rattlesnake. 

Known to occur infrequently in the Missouri Ozarks. The writer knows 
of them from only two counties, St. Clair and Morgan. The Morgan 
County specimen was taken on July 8 in the late afternoon three miles 
west of Rocky Mount. 

Chelydra serpentina serpentina (Linn). Common Snapping Turtle. 

On July 5, a large snapping turtle was taken near Blue Springs. Five 

of these turtles were seen throughout the summer. 
Terrapene ornata (Agassiz). Ornate Box Terrapin. 

Seen nearly every day of the summer. 

Terrapene carolina triunguis (Agassiz). Three-toed Box Terrapin. 

More abundant than T. Ornata. 


COLUMBIA, MO. 
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The African Clawed Toad, Xenopus laevis, 
in Captivity 


Xenopus is a widely distributed genus of African fresh water toads, 
ranging from Ethiopia to the Cape. It is tongueless and the body is 
broad and flat. The skin is smooth; dorsally it is a mottled olive brown, 
but individuals kept in the dark will tend to have a lighter color. Move- 
ment on land is difficult and dangerous, for dehydration occurs quickly 
and the toads bruise easily. Care must be taken to moisten the hands 
when handling them. The toad is entirely aquatic in all stages of its 
life cycle. The eggs are laid singly, attached to stones or plants. 

The front legs are small and inadequate for walking. The long slender 
fingers are used as tactile organs and to push bits of food into the mouth. 
When there is a question as to whether toads are hungry, the water may 
be disturbed, and if the toads start moving their fingers towards the 
mouths, feeling for food, they are hungry. They cannot see the floor of 
the tank and therefore must rely on these sensitive fingers to find food. 
The hind legs are powerful. The inner three toes of the hind legs are 
furnished with small black claws as well as being webbed. The male has 
black nuptial adhesive pads on the innersides of the forelegs which can 
be felt by the resistance they offer as a finger is drawn over them. The 
female has three cutaneous anal flaps which are visible from above. 

In captivity the adults are kept in about six inches of water. For the 
proper rearing of the young, it is necessary to place a half inch mesh 
wire screen about an inch above the bottom, to keep the adults from 
eating the eggs, and to permit them to adhere to the wire. The screen 
is covered by five inches of water to keep the adults from resting on the 
newly laid eggs. When injecting more than one pair at a time, I have 
found it advantageous to use one large aquarium tank, divided by a wire 
screen. Apparently the action of the mating of one pair assists to stimulate 
the mating of another in the other half of the aquarium. When the 
female is through laying eggs, the pair is removed and the eggs allowed 
to stand in the same water for the next twenty-four hours. Care should 
be taken to see that there are not more than one hundred eggs per eight 
by eight inch aquarium. Should there be more than this, it will be neces- 
sary to use a larger tank for a greater oxygen supply. Care must be 
exercised for the three days after hatching, that the water is not syphoned 
without a filter. The water is kept about two inches in depth; as the 
larvae grow, the depth is increased to about four inches. All of the eggs 
will hatch during the next twenty-four hours, and the young will be about 
as large as the ditto marks on a typewriter. The tadpoles must be moved 
to an aquarium that will hold them for the next several weeks, as they 
should not be moved again until they are about one and a half to two 
centimeters in length when they can be dipped up in a net and trans- 
ferred to another tank. During this stage food consists of vegetable 
material such as algae. An acceptable food is infusoria tablets dissolved 
in water and added to the aquarium every day. Ground alfalfa meal is 
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also used. Twice a week the yolk of a hard boiled egg is strained through 
a cloth and put in the water. The quantity of food solution to be used 
is determined by the total clearing of the water after twenty-four hours. 
If the water is not clear, then too much food has been given. Particles 
of feces on the bottom of the tank are removed by a rubber suction 
bulb on a glass stem. 

The larval toads hang from the surface of the water by their con- 
stantly vibrating tails, and will move their catfish-like heads about in 
search of food. At intervals the position is reversed to permit respiration. 
After several weeks the hind legs will begin to protrude through the body 
wall. These will be followed by the front legs, at which time the tadpoles 
will also spend more time on the bottom of the tank or hanging with the 
head at the surface and the snout will be raised above the water at 
intervals to breathe. As the final stages of metamorphosis takes place, 
they will begin to sit on the bottom of the aquarium. At this time they 
change from vegetarians to carnivorous animals, and from gill breathers 
to air breathers. Mortality up to this stage may be three to five per cent. 
From this stage on the mortality will be less. 

As the toads grow larger it is necessary to feed them mosquito larvae, 
and finely chopped beef heart or liver, live fish or horse meat cut into 
very small pieces. They will choke on larger pieces. None of the con- 
nective tissue can be given as this will apparently remain undigested and 
the toad will die. The toads may be given white worms, red worms or 
fish worms but no meal worms as the hard shell of these will damage the 
stomach. 

Fungus growths on the body, gastro-intestinal disorders resulting from 
dirty water as well as excessive sloughing of the skin, and some other 
diseases of the toads can be treated by the addition of Methylene Blue 
or other stock fish remedies. A small amount of salt may be added to the 
water. Toads must not be changed from a tank of water at room tem- 
perature to a tank of cold water. Place water in the toad room overnight 
and then change to the tempered water. Two years are required to 
develop to maturity. It has been reported that they can stand a temperature 
as high as 40° to 50° C. without injury. 

The female should be allowed to rest for a period of two to six months 
before being used again for breeding. This rest period should be utilized 
by feeding the toad as much food as possible. During this time, the 
female will return to proper physical condition to again lay eggs. To 
induce egg laying, the male and female are both injected. This is done 
by inserting the needle in the hind leg until it almost touches the spine. 
Anterior Pituitary Hormone, commercially known as “A.P.L.” is injected. 
This substance causes the female to lay eggs and the male to fertilize 
them. The injection consists of about five hundred International Units, 
on one quarter cc normal saline. Egg laying usually commences within 
four hours. 

Wesley H. DICKINSON 


Long Beach Zoological Society 




















1949 HERPETOLOGICA 


The Racer, Coluber constrictor stejnegerianus 


in Texas 
By WALTER AUFFENBERG 


Coluber constrictor stejnegerianus (Cope) was described in 1895 by 
Cope as two separate species of racers, i.e.: Zamenis stejnegerianus (type, 
Brownsville, Texas) and Zamenis conirostris (type, Matamoras, Tamauli- 
pas). He re-described them in 1900. Ortenburger placed both species in 
synonomy with Coluber constrictor flaviventris and showed no records for 
a Coluber south of the 29th degree of Latitude. Ortenburger’s synonomy, 
no doubt, came about as the result of inadequate material from the South 
Texas Gulf Coast. Muliak and Muliak replaced the species in valid stand- 
ing under the name Coluber constrictor stejnegerianus and recorded it 
from Matamoras, Tamaulipas, Brownsville and Harlingen, Texas. They 
gave the impression however, that they believed the species had a greater 
range, but as with Ortenburger, they had very little material to work with. 
The current study has established a considerable range extension to the 
north and has brought to light many factors of natural history of the 
species hitherto unknown for lack of specimens. 

During the course of my one and a half years duty at the United States 
Naval Air Station, Corpus Christi, Texas, I held a position which called 
for a daily analysis of pond, river, sewage and drinking waters in an ap- 
proximate 50 mile radius of the Station. The collection of samples neces- 
sitated a 156 mile dirt and paved road trip over seven generally distinct 
types of terrain, i.e.: heavy wooded, lightly wooded, heavy brush, scat- 
tered brush, sparse brush, grassy areas and semi-arid sections. The wooded 
areas consisted mainly of pine and oak; the brush, chaparral and mes- 
quite; the grassy, open fields and pastures; and the semi-arid, sandy with 
tussocks and clumps of cacti scattered about. These trips were taken at 
various hours of each day and under different weather conditions through- 
out a period of eight months. Here then was an opportunity to collect 
and study certain serpents in a restricted area, with special reference to 
natural history of the chosen species. 

Coluber constrictor stejnegerianus seemed the most active and common 
species observed. For that, and that the species was little known, it was 
chosen for the study summarized below. 

The notes commence with the first of March, 1947 and continue until 
the first of November, 1947, when a representative number was assumed 
to have been observed. The total number examined was 291; 130 males 
and 161 females. 

The scale formula showed an average count of 17-17-15, yet variations 
existed and are given in percentages in table 1. The reductions usually 
taking place from the 3rd or 4th scale rows and anterior to the middle of 
the body. From table 1 it would seem that in stejnegerianus the females 
have a larger percentage of higher scale formulas in the abnormal counts. 
However, the numbers approximate each other rather closely in most and 
such an assumption would need many more specimens. 
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Scale Formula Yo Occurrence % Males  Y% Females 


17-17-15 78.5 61.5 38.5 
17-18-15 11.7 39.0 61.0 
17-17-17 4.3 56.3 43.7 
18-17-15 a1 47.8 52.2 
19-17-15 1.4 53.0 47.0 
19-17-17 LD 42.3 EPS 


Table 1. Scale Formula variations in stejnegerianus. 


In regard to head scutulation I have noted the following: The post- 
oculars were 2/2 in 87.75%, 3/2 in 5.25%, 2/3 in 5.1% and 3/3 in 
1.9%. The preoculars were 2/2 in 91.5%, 3/2 in 5.5% and 2/3 in 
3.0%. The supralabials were most consistently 8/8; 8/7 and 7/8 were 
uncommon. Infralabials 8/8; 7/8 or 8/7 infrequent. Lateral gulars 
usually numbered 6; 5 and 7 were rarely met with. Temporals were 2-2-2 
in most specimens, some having the supra-posterior scale of the last series 
split into smaller parts. Most of the specimens had the characteristic rec- 
tangular loreal, but some had the posterior portion of the scale divided 
into smaller sections. The anal plate was always divided; dorsal scales 
smooth; rostral always wider than high; loreal always bordering on the 
2nd. and anterior part of the 3rd. supralabials. The ventrals averaged 
163, ranging from 151-171. Males averaged 159; females 164. Caudals 
averaged 94 from 78 to 108; males averaged 98 and females 91. One 
example was found with 128 caudals and another with 181 ventrals. One 
specimen had three distal caudal plates entire. I believe these to be anom- 
alistic examples. 

The average length of the total number observed was 856mm., with 
females averaging a little more and males a little less. The largest speci- 
men examined was a female and measured 936mm. in total length. The 
tail divided by the total length was from 18.9 to 25 in females and 21 to 
31.2 in males. Ratio of the width of the head divided by the total length 
was .42 to .48. The diameter divided by the length of the head was from 
.42 to .51 in adult specimens over 650mm. The young of the year aver- 
aged 273mm. A batch of 10 eggs laid on June 5, 1947, by a 756mm. 
specimen hatched nine perfect snakes in 73 days. The largest measured 
383mm. in total length. 


There were no saddle-shaped blotches on the young specimens’ dor- 
sums, the darker markings above being small spots considerably scattered 
on a dark olive, or greenish-tan ground color. Laterally they are of a 
lighter coloration with the dark spots nearly covering some of the dorso- 
ventral scales, or over half in most. The ventrals were yellowish-white, 
with small bluish-green spots near their lateral borders in the anterior 
portions. On the anterior dorsal surface, the young are barred with 42 to 
53 fused rows of spots, forming narrow cross-bats 1 to 3 scale lengths 
in width. The adults are uniform green dorsally and anteriorly, gradually 
changing to greenish-tan posteriorly. In some the color is uniform green 
over the whole dorsal surface of the body. In all the head is slightly 
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lighter than the anterior dorsal surface. Ventrally they are a rich yellow 
to yellowish-green. A few have yellowish-pink throats. 

It can be noted from graph 1 that the months of May, June and July 
show the highest representation of total specimens observed, with a slight 
elevation again in October. It seems that it is during these months when 
the species is most active; September, March and April are the months 
least represented. 

In the sex-month relationships we find that the males out-number the 
females in the months of March, April and May, yet the females are more 
numerous in the mid-season of June, July and August. Siebert and Hagen, 
also Blanchard, found this particularly true the latter part of July and 
eatly August. My observations however, show June, as well as July and 
August, a higher female total. This may be attributed to the fact that 
the current work was conducted in a more southerly latitude then that of 
Siebert and Hagen, or Blanchard, who worked in Illinois and Michigan 
respectively. My figures correlate with theirs, however, with reference to 
early Fall when the sex ratio becomes almost =< g 

Of the total number of specimens captured, or observed DOR, in 
various terrain, we find from table 2 that lightly wooded areas as well as 
scattered and sparse brush seem most populated. The heavy wooded and 
semi-arid sections having the least representation. Although statistics are 
not shown, there seems to be a definite migration of females into the 
heavier vegetation duzing the months of June and early July. This seems 
to be in connection with the egg-laying period, for before and after ioe 
months there is no definite sex-terrain relationships. 


Type of Terrain Total Females Males : = 
Heavy Wooded ..............-. 6 2 4 is 
Lightly Wooded .............. 41 23 18 ie 
fk as 24 10 14 % 
Scattered Brush ................ 94 56 38 XS 
Sparse Brash ................... 92 56 36 
ne 26 11 15 
Semi-Arid Sections .......... 8 5 3 


Table 2. Showing the total number of specimens caught, or observed 
DOR in the various terrain. 

Disregarding the female migration during egg: laying period, it seems 
that the highest month-terrain factor is June in the scattered and sparse 
brush. There is also a slight, yet definite trend from a high representation 
in March to a lower total in early Fall in the dense areas. The grassy and 
semi-arid sections are low in the Spring, fluctuant during the Summer 
and high in Fall. However, the specimens under these conditions were so 
few that perhaps they were wanderers from their natural habitat. Cor- 
relating scattered brush in the various months I have found that it is little 
represented in Spring, rising sharply to very high in May and June, then 
gtadually diminishing (yet still above all others) in the months of July, 
August, September and October. Sparse brush is lower in March, higher 
in April, May and June, and follows the same general trend during the 
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remainder of the period. (The writer believes that the degree of error in 
a natural history study made during two seasons such as Spring and Sum- 
mer cannot possibly be consistent. This is particularly true with the ad- 
vent of heavy foliage in late Spring and early Summer. Here the degree 
of error would be higher than at any other time, especially with reference 
to such as the current species—which is green, unicolor, partially arboreal 
and in a green environment. In Spring, and mid-summer to Fall, the 
error will not be as great, particularly in a partially arid or dry area as the 
vegetation tends to dry and turn brownish. Heavier vegetation such as 
a wooded sector will also have a higher percentage of error than one of 
brush, for the ability to distinguish a specimen from the surrounding 
vegetation declines with the density of the foliage. This would slightly 
raise the hypothetical terrain-month curve during Spring and early Summer 
in the current paper. Yet at the same time the writer believes that such 
an ascent would not be sufficient in any way to change the general trend 
towards a scattered and sparse brush habitat.) 

From table 3 it can be assumed that a temperature of 70 to 85 degrees 
F. seems most preferable for the prowling activities. This agrees some- 
what with Luith (1941) who assumes the optimum adjustment tempera- 
ture to be within 50 to 86 degrees F. Siebert and Hagen (1947) also 
found snakes prowling over a daily mean temperature of 85 degrees F. 
and an occasional specimen under 45 to 50 degrees F. The warmer 
weather of southern Texas, however, reduces the necessity of prowling at 
such a low daily mean temperature. 


Daily Mean Temperature (F). No. of Specimens 
50-55 degrees 3 


55-60 degrees 4 
60-65 degrees 10 
65-70 degrees 24 
70-75 degrees 47 
75-80 degrees 98 
80-85 degrees 83 
85-90 degrees 19 
90-95 degrees 3 


Table 3. Showing the daily mean temperature and the total number of 
specimens captured at those recordings. 

In Table 4 we note that the hours of 7 A.M. to 12 o'clock noon and 
3 P.M. to 7 P.M. are the usual prowling hours. However, March and April 
are heavily represented in the mid-afternoon hours, while mid-summer 
finds an increase in the morning and late afternoon prowling. 


Hour of the Day No. of Specimens 
6- 7 A.M. 8 
7- 8 13 
8- 9 32 
9-10 42 
10-11 41 


11-12 Noon 14 
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12- 1 P.M. 10 
1- 2 5 
2- 3 10 
3- 4 11 
4- 5 32 
5- 6 41 
6- 7 24 
7- 8 8 


Table 4. Showing the number of specimens captured at various 
hours of the days. 

The relationship of total males to females captured, or observed, during 
the various hours of each day, or under various temperatures, seems to 
have no significance. 

Of the 291 specimens, 206 held remains of food and are represented 
in percentages in table 5. As can be noted, the young of the species feed 
more upon insects than on lizards, frogs and rodents. In adults the ratio 
is partially reversed, feeding upon more rodents, frogs, especially more 
lizards and a few insects. In the types of prey eaten, there is a noticeable 
frog and insect trend in the Spring, gradually changing to a prevalent 
lizard and rodent prey in the Fall. 





TYPE OF FOOD SIZE OF SPECIMENS AND % TOTAL 
18in. 26in. 32in. 34in. 36in. % 
Grasshoppers ugaceascbinscate 45.6 47.0 33.2 37.0 22.0 42.5 
Maes a tee casscccececcude 22.1 18.1 2.6 6 2 13.5 
RISC. AGSECKS. 5202: :s-s--2:-e 18.4 i a 0 0 6 
Holbrookia  ......-...0-0---- s bay 11.3 35.4 32.8 45.3 40.1 
| enn 5 a2 11.9 11.5 12.6 24 
Rana 22.3 10.1 9.3 10.1 10.4 10.0 
Redente. ct se 0 52 7.5 8.0 9.0 2.2 


Table 5. Percentage of foods found in various sized specimens of 
Coluber constrictor stejnegerianus. 

Their attitude is essentially the same as their northern allies, in that 
they are irritable and not very hardy in capacity. If kept very warm and 
dry they can be fed both Holbrookia and Sceloporus. The lizards are 
gtasped by a quick dart of the head, employing a steady “walking” mo- 
tion of the jaws to the head; then quickly swallowed. On the ground, 
as in the trees, the species is swift and resorts to the “lateral looping” of 
the body when in sandy soil, so wellknown of the Sidewinder Rattle- 
snakes (Crotalus cerastes) of our Pacific and Southwestern region. They 
are also ardent swimmers. Muliak and Muliak state that it is commonly 
met in bushes and small trees. Although a few specimens were captured 
in like habitat, the majority were on the ground; crossing sandy roads, 
coiled at the base of bushes and trees, along edges of tall grasses and 
coiled in, or near, clumps of cacti. Because of their protective coloration 
however, it is possible to have missed a number of specimens while they 
lay in the foliage. I am inclined to believe that they are very much like 
other Colwbers in that they take to the bushes and trees frequently, but 
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are mainly a terrestrial species. This is also indicated by the large number 
of Holbrookia—a ground species—found while making stomach content 
analysis. 

After making the current study on Coluber constrictor stejnegerianus, 
I am certain of the following: That the South Texas form is a valid 
species and not a southerly gradiant characteristic of Coluber constrictor 
Raison that within its range it is most common in the brushy areas 
throughout the year, preferring the more open to the dense areas; That in 
diagnostic characters it differs from it’s closest ally, flaviventris, in color- 
ation of the young, smaller adult size, the loreal bordering on the 2nd. 
and anterior part of the 3rd. supralabial instead of the 2nd, in having 8 
supralabials and a fairly consistent rectangular loreal. 

Although the range of intergradation between flaviventris and stejne- 
gerianus has not, as yet, been noted, two specimens of Coluber in R. 
Etheridge’s collection fall between descriptions for both species. These 
come from Palacios, Matagorda and Rockport, Arkansas Counties. The 
Arkansas County specimen simulates more stejmegerianus while that from 
Matagorda County, although having a few characteristics of stejnegerianus, 
seems more flaviventris. The range therefore should embrace the Gulf 
Coast from Matamoras, Tamaulipas northward to approximately northern 
San Patricio County. (Strecker under Coluber constrictor flaviventris, 
mentions that he has seen flaviventris from scattered localities in Texas. 
He then writes, “The type of Cope’s Zamenis stejnegerianus came from 
Cameron County.” The next sentence says he has seen a specimen from 
Burnett County and reports one from Matagorda County. Whether he is 
referring to flaviventris and in his scattered locality data, or a specimen 
of Zamenis stejnegerianus is difficult to say.) 
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Eggs and Young of Several Texas and Mexican 
Snakes 
By JOHN E. WERLER 

During the summer of 1948, egg laying observations were made upon 
several specimens of Texas and Mexican snakes in the living collection 
of the San Antonio Zoological Society, and since the breeding habits 
of three of the snakes mentioned in the notes are recorded as unknown 
(Schmidt & Davis, 1941), the observations are herewith presented. 

All of the eggs were incubated in glass covered Pyrex dishes, partially 
filled with damp sand and kept at prevailing room temperatures (75-90) 
throughout their incubation. Measurements, zecorded in millimeters, were 
taken on the day that laying or hatching occurred. 

Dr ymobius mar garitiferus margavitiferus 

A female, 1339 mm. in length, was received from a dealer and bore‘ 
only the data, ‘‘Mexico.’”” On April 22, between the hours of 9:40 A.M: 
and 5.45 P.M., this snake laid seven eggs with non-adhesive, non-granular 
shells, measuring: Length—Width: 32—13, 34—14, 35—13, 35—13; 
36—13, 37—13, 39—12. “a 

On June 9, one of the brood with a badly deformed tail and measuring. 
137 mm. in length, emerged from its shell, and a second measuring 123 ~ 
mm. and possessing a deformity similar to the first, escaped from its egg 
on June 11th. Both died several days after hatching. The scales of the 
hatchlings were centered with small white spots, more vivid in color than 
those of the adult, but the young were otherwise similar to the adult in 
coloration and marking. The remaining five eggs failed to hatch. 

Lam pro peltis doliata annulata 

A female, 749 mm. in length, collected July 2, 1948 in northern 
Cameron County, Texas, laid a clutch of five eggs on July 12. The eggs, 
which were non-granular and adherent in a cluster, showed signs of 
collapse on August 18 and this condition increased until, on the day 
before hatching, the eggs had lost all semblance of their original full 
shape. Egg measurements follow: Length—Width: 36—22, 37—20, 
39—20, 40—18, 43—19. 

On August 8, one egg of this clutch was opened, for it was thought 
the egg masses had solidified and the eggs would not hatch, but examina- 
tion revealed a living, apparently normal embryo. The first snake of the 
four remaining eggs began to slit its shell on the morning of August 25 
and had emerged from the egg on the afternoon of August 26. This 
hatchling, which measured 218 mm. in length, was badly deformed by a 
series of nine sharp bends, or kinks, the length of its body and tail and 
because of this deformity remained coiled with much of its ventrum turned 
upward and exposed. On the evening of August 27, two more snakes 
hatched from their eggs and these were normal and measured 230 mm. 
and 241 mm. respectively. The last snake of the clutch, a 228 mm. 
hatchling which escaped from its egg on the morning of August 28, 
was deformed in the same manner as the first hatchling, exhibiting a series 
of kinks along the posterior fifth of its body. 
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These snakes show the following color characters: Body and tail marked 
with a series of 22-25 narrow yellow rings and these bordered by slightly 
wider black rings which become narrower near the ventrum. In one 
specimen, the black rings are so widened as to nearly completely crowd 
out the red on the dorsum. The red rings on the body are just as wide 
as the combined yellow and two adjacent black rings, and do not extend 
onto the ventral surface. Yellow bands extend onto the ventrum where 
they are separated by broad areas of black. Head, from snout to posterior 
edge of parietals, entirely black. 

Elaphe obsoleta confinis 

A large female of this subspecies, collected within the city limits of 
San Antonio, Texas, deposited fifteen eggs on June 11. These non-granular 
eggs were separate after laying, but since they were covered with an 
adhesive substance, would undoubtedly have adhered in a cluster, had they 
been laid one against anosher. The egg measurements follow: Length— 
Width: 39—31, 40—27, 40—28, 41—29, 42—28, 43—27, 44—26, 
44-31, 45—27, 45—30, 46—27, 47—30, 47—30, 48—24, 54—27. 

On July 29, one of the eggs of this clutch was opened and examined, 
and disclosed a living and nearly completely developed embryo. Egg 
slits were seen to appear in most of the group on August 1, and on 
August 2 thirteen of the snakes escaped from their shells; the last egg 
of the clutch hatching on August 3. The hatchling snakes measured: 
Length: 345, 352, 356, 359, 361, 364, 366, 368, 369, 373, 374, 381, 
391, 392. 

The young, examined several days after hatching, may be described as 
follows: Dorsal ground color dirty white to light grey. The dorsal body 
blotches, which number 25-34 and show an average of 30.7, have a seal 
brown to chestnut color and are from four to six scales long and ten to 
thirteen scales wide. Dorsal tail blotches number ten to fifteen, averaging 
12.3. There is a series of alternating lateral blotches below the dorsal 
blotches which vary greatly in size and shape within the brood and often 
contain a light central area; while yet a third series of spots is located 
below the lateral blotches and these extend onto the ventrum from the 
first and second scale rows. Ventrum is a dusky pink or light gray and 
marked with small squarish black spots on the outer edges of the ventral 
plates, while the chin and anterior two to three inches of the ventrum are 
immaculate. Posterior dark stripe extends backward and downward from 
the eye, to intercept the seventh upper labial. Interocular dark stripe 
extends across the posterior three quarters of the prefrontal and the 
anterior edge of the frontal. Posterior edge of most or all of the lower 
labials edged with black. 

Coniophanes imperialis imperialis 

A 375 mm. female of this species, received May 3 from a dealer who 
collected it in the Brownsville area of Texas, laid four eggs enroute to 
the zoo, and subsequently on May 4, a fifth egg was deposited at the zoo. 
These non-adhesive and non-granular eggs failed to hatch. Egg measure- 
ments: Length—W idth: 24—10, 25—10, 25—11, 26—11, 26—13. 





